A long matrix crack in a unidirectional bre{reinforced composite, perpendicular to the bre direction and subjected to Mode{I loading, is considered. The intact composite material is modelled as homogeneous linearly elastic and the bridging bres are replaced by restraining tractions acting on the crack surfaces. The problem is formulated in terms of a hypersingular integral equation with respect to the relative crack{face separation and contains a small parameter multiplying the integral term. Two limiting cases, related to the maximal opening in the middle of the crack before bres break and to the maximal opening at the ends of the region where bres are broken, are analyzed. The asymptotic solution of the problem is constructed with the use of a matched expansions technique. The values of applied load, corresponding to these two limiting situations, are estimated.
Introduction
A typical failure process in bre{reinforced ceramics is characterized by formation of a matrix crack which extends through the composite leaving unbroken bres behind its front. Intact bres provide bridging restraint across the crack and increase the fracture toughness of the composite. Further loading may cause bre breakage behind the crack front which occurs initially without matrix crack growth and is accompanied by stable or unstable extension of unbridged zone. This leads to reduction of the stress required for matrix cracking and, subsequently, causes complete failure of the composite.
The value of applied load at which bres begin to fail depends on the bre strength, the initial crack con guration and on the nature of the bre{matrix interface.
The simplest model that allows analysis of the crack reinforcement e ect is based on the stress intensity approach in which the e ect of bres is modelled by restraining tractions acting on the crack surfaces and the intact material is regarded as homogeneous linearly elastic with moduli appropriate to the composite. The tractions are taken to be proportional to the bre axial stress and dependent on the relative crack{face separation : The maximum value, c m say, of the function corresponds to a single{valued bre strength, and the bre failure is assumed to occur when the stress in a bridging bre reaches this value.
With the use of this model the problem for a crack in a unidirectional bre{reinforced composite, which extends along the segment (?a; a) of the x{ axis perpendicular to the bre direction and is subjected to Mode{I loading, can be formulated as a hypersingular integral equation with respect to the relative displacement of the crack faces. In the case of a long crack, a 1; this equation contains a small parameter " (proportional to 1=a) multiplying the integral term 
Here we use nondimensional variables which are introduced in the same way as in 2] (p.94, formulae (2) , (4)). The quantity on the right{hand side of (1) characterizes the tensile stress that the applied load would generate across the x{axis in uncracked composite; in general, it depends on x: The displacement is required to satisfy zero opening conditions at the ends of the crack (?1) = (1) = 0: (2) The integral on the left{hand side of (1) 
for any xed point x of the segment (?1; 1) at which is di erentiable.
A method for analysis of such class of singular integral equations was developed by Willis and Nemat{Nasser 1], based on the matched asymptotic expansions technique. The linearized problem (1){(2), with ( ) = and = const, was solved explicitly in 1], a nonlinear example, with ( ) = k ( ? ); = const, was considered in 3].
In the present paper we estimate the value of applied load at which bres begin to fail in the middle zone of the crack, assuming that the crack does not extend. The function is taken to be such that ( m ) = c m ; 0 ( m ) = 0:
The remotely applied stress on the right{hand side of (1) is assumed to be constant and speci ed by = c m + c 1 + c 2 ; c 1 = O("); c 2 = o("): (5) We de ne the critical value c crit of applied load as a quantity corresponding to the maximal opening m in the middle of the crack and estimate it to
The formal procedure for nding the asymptotic solution is as follows. The opening displacement outside neighbourhoods of the ends of the crack (x is xed) is represented in the form of the asymptotic expansion with respect to the half{integer powers of a small parameter " (x) 0 (x) + 1 (x) + + n (x) + o(" n=2 ) as " ! 0:
The functions k (x) depend algebraically on " for ?1 x 1; x 0 ; x 00 related by (7). We substitute the expansion (13) into equation (1) and take " ! 0 with one of x; x 0 or x 00 xed. The formulation (1){(2) reduces then to a set of the problems for the evaluation of the functions k (x);~ k (x 0 );~ k (x 00 ): The condition of the maximal opening in the middle of the crack (0) = m is used to estimate the critical value c crit :
In Section 3 a long crack, partially bridged by bres, is considered. It is assumed that bre failure occurs in the middle zone of the crack and broken bres do not contribute to crack bridging ( = 0): In this case the critical value of applied load is determined as a quantity which corresponds to the critical opening at the end points of the broken region. This value depends on the relation between the length of the crack and the length of the region where bres are broken. ? ( Thus, the correction term c 2 to the critical load has the order O(" 3=2 ln ").
In Fig. 4 the plot " ?3=2 c 2 versus " is presented; clearly, the shape of the curve is determined by the logarithmic term in (33). 
